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2. 20 pts. Short Answer. 

(a) 12 pts. For the window (structuring element) CROSS(5), give the order statistic 

(OS) filter weights (coefficients) A for 

i) 3 pts. A median filter: 
1 

A= [oo, 001 

ii) 3 pts. An average filter: T 
L I\ l J..-..LJ 

A= '5 s S s ~ 

iii) 3 pts. An OS filter to perform morphological dilation: 

A= [o o c, o I 17 

iv) 3 pts. An OS filter to perform morphological erosion: 

A= [ ~ D C> 0 0 j T 

(b) 8 pts. Briefly describe the main difference between the Laplacian of Gaussian 

(LoG) edge detector and the Canny edge detector. 
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3. 20 pts. Consider the Cameraman image I shown below.

The size of the image is 256× 256 pixels and each pixel has eight bits. Five grayscale

morphological filters are applied, all with respect to the structuring element B =

SQUARE(9), to define five new filtered images according to

JM = MED(I,B),

JE = ERODE(I,B),

JD = DILATE(I,B),

JO = OPEN(I,B),

JC = CLOSE(I,B).

Label the five output images shown on the next page.
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Problem 3 cont. . .

6

JM, Median

JC, Close

JE, Erode

JO
Open

Dilate
JD

removes small
objects, both
bright and dark.

small dark
objects
removed, small
bright objects
preserved.

the darkest.

the
brightest.

small bright
objects
removed,
small dark
objects
preserved.



4. 20 pts. Pixels in the 6x6 image I shown below take values in the range {01 11 21 ••• 1 99}. 

The image is sent through a communication channel where it is corrupted by additive 

noise. The received image J is also shown below. 

11 11 12 12 13 13 11 11 33 12 13 13 
11 12 12 13 13 13 11 12 0 13 13 13 

I -
12 12 13 13 13 14 

J -
12 12 99 13 13 14 

12 13 13 13 14 14 12 13 13 89 14 14 
13 13 13 14 14 14 13 13 13 45 14 14 
13 13 13 14 14 14 13 13 13 1 14 14 

Design a nonlinear filter to restore the received image by attenuating the noise. Handle 

edge effects by replication. Explain your solution. Show the restored image K below 

and compute the ISNR. There is workspace on the following two pages. 
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l l I l /2 1'2. 13 l:, 
\\ \"2 l'Z.. l3 \"3 (3 

K= 
rz \2 1"5 \3 (3 \4 
12 13 \3 ,~ r+ 14 
rs I) 13 14 14 \4-
l3 I?> 13 l) ·\ 4- It\-

ISNR= 4\ .. 7'28l a 6 
7 



More Workspace for Problem 4 ... 
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More Workspace for Problem 4 ... 
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4. 20 pts. Pixels in the 6x6 image I shown below take values in the range {O, 1, 2, ... , 99}. 

The image is sent through a communication channel where it is corrupted by additive 

noise. The received image J is also shown below. 

11 11 12 12 13 13 11 11 33 12 13 13 
11 12 12 13 13 13 11 12 0 13 13 13 

I -
12 12 13 13 13 14 

J -
12 12 99 13 13 14 

12 13 13 13 14 14 12 13 13 89 14 14 
13 13 13 14 14 14 13 13 13 45 14 14 
13 13 13 14 14 14 13 13 13 1 14 14 

Design a nonlinear filter to restore the received image by attenuating the noise. Handle 

edge effects by replication. Explain your solution. Show the restored image K below 

and compute the ISNR. There is workspace on the following two pages. 
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More Workspace for Problem 4 ... 
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4. 20 pts. Pixels in the 6 x 6 image I shown below take values in the range {0, 1, 2, . . . , 99}. 

The image is sent through a communication channel where it is corrupted by additive 

noise. The received image J is also shown below. 

11 11 12 12 13 13 11 11 33 12 13 13 
11 12 12 13 13 13 11 12 0 13 13 13 
12 

I -
12 13 13 13 14 12 12 99 13 13 14 

J -
12 13 13 13 14 14 12 13 13 89 14 14 

13 13 13 14 14 14 13 13 13 45 14 14 
13 13 13 14 14 14 13 13 13 1 14 14 

Design a nonlinear filter t o restore the received image by attenuating the noise. Handle 

edge effects by replication. E:i,_-plain your solution. Show the restored image K below 

and compute the ISNR. There is workspace on the following two pages. 
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More Workspace for Problem 4 ... 
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